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CHAPTER 1.

ALTERATION IN CARDIOVASCULAR
PHYSIOLOGY IN RENAL FAILURE
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conduction and produces profound alterations in the
surface electrocardiogram. Severe hyperkalemia may
also produce cardiac standstill secondary to markedly
impaired intraventricular conduction or, more rarely,

ventricular fibrillation (Fisch, 1982).

Intrinsic myocardial depressant factors mey be
present in ureniea, The evidence in favour of such
factors has been reviewed by Prosser and Parsons
(I975), and includes the observation of depressed
cardiac contractility in an isolated rat heart prepa-
ration perfused with compounds thet are elevated in
uremia, e.g. ureas, creatine, guanidinosuccinic scid
and methylguenidine, separately or in combination
(Scheuer and Stezoski, I973).

Hypertrophy mey alter myocardiel function., Car-
diac hypertrophy occurs when the heart is subjected
to a chronic pressure load, e.g. erterial hypertension,
or in conjunction with dilatation when the heart is
subjected to a chronic volume loed as occurs in enemia,
A-V fistule, or sortic regurgitation. Studies on ven-
tricular muscle removed from animels with bypertrophy
due to & chronic pressure load showed & decreese in

intrinsic contraectility (Braunwald, IS80).
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However, it appears thst the intrinsic contracti-
le ability of hypertropkied myocardium from chronical-
1y volume-loeded hearts remains near normel unless the
load is very large and clinical signs of congestive

failure are present (Breunwald, I980),

B, Factors primarily affecting cardiamc loading:

1., Hypertension:

Renal disessge is frequently esccompanied by arte-
rial hypertension, The hypertensicn of renel feilure
is often related to volume overload but mey &lso be
due to increesed renin ectivity or other factors
(Onesti et al., I975). Hypertension affects the heert
by incressing the after-load for Ileft ventricular
ejection (Cohn et =l,, IS74).

The left ventricle must generate =a pPressure that
exceeds the elevated diagstolic pressure before ejec-
tion can begin and must develop enough additional pres-
sure during the remeinder of gystole to eject the gtro-
ke volume into the aorte. This elevated systolic pres-
sure increases the left ventriculsr systolic well
$tress and thus the after-load of the left veniricle,

As shovn in figure 1, this incressed after-loed shifts
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the ventriculer output curve downwerd so that a lower
stroke results for a given atrial pPressure. If venocus
return cen be augmented by an incresse in bloecd volume
cr by venoconstriction, the cerdiac output cen be res-

tored toward normal {(Guyton et al., I973).

Concentric left ventricular hypertrophy is a cOm-~
rpensatory structural chenge induced by bypertension,
By the Laplace relationsnip, &n incressed left ventri-
cular well thickness due to hypertrophy helps reduce
the increaseqd Systolic wall gtress broduced by eleva—
ted arterisl pressure., This reduction in systolie
wall stressg incresses tha 8troke volume produced gt
any level of Pre-load, dowever, left ventriculer hy-
Perirophy produced by chkronic Pressure overlced may
alsc incresge disstolic stiffness of tkhe left ventri-
cle, so that for any left atris)l pPresgure, the ventri-
¢tle distends to & Smeller end-diagtolic volume. This
decresses the end-diastolic fiber Stretch, or bre-loead,
80 that the stroke volume falls, Thug hypertropby
exXerts two opposing effectyg op the lert ventriculsr
output curve, or the relationship between left atrisl
bPressure &nd stroke volume., The decrease in 8ysatolic
well stress tends to shift the relationship upvard

towerd its normal bposition, wherees the incregsed
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A similar relationship hetween anemia &and car-
diac output has been observed in patients with renal
failure (Neff et al., I97I). An increase in cardiac
output occurs as a result of two consequences of
snemia: (1) decreased blood viscosity; and (2) decrea-
sed blood oxygen-carrying capacity (Fig. 3).

With a decrease in hemoglobin concentration and
hematocrit, <the blood contains more fluid and fewer
formed elements, so that it is less viscous and pre-
sents less resistance to flow., This reduced blood
viscosity decreases the effective peripheral vascular
resistance for any level of arteriolar tone, and thus
for any cardiac output, the arterial pressure is lower.
This decreases left ventriculer systolic wall stress
and thus the left ventricular after-loaed. Decreased
left ventricular after-lcad shifts the ventricular out-
put curve upward, so that any level of pre-load pro-
duces a larger stroke volume, Additionslly, the decrea-
sed blood viscosity decresses the effective resistance
to venous return, so that any right atrial pressure is
associated with greater venous return (Cuyton et al.,
I973). The upward shifts of both ventricular output
and the venous return curves promote an increase in

cardiac output. Moreover, the increase in venous
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return and the fall in blcod pressure (from the de-
creased peripheral vascular resistance), both trigger
sutonomic reflexes thet increase heart rate and myc-
cardial contractility, further augmenting the output.
The importance of these autonomic reflexes was demong—
trated by Glick, Plauth apd Braunweld (1964), who
found that the elevation in cardiec output in respon-
Se to severe snemia weas greater in intact doga then

in animals with chronic cerdiac denervation,

The decreased hemoglobin concentration in anemia
reduces the oxygen-carryirg capacity of the blood. If
there is inedequate peripheral ¢compensation by incree-—
Ssed tissue oxygen extraction, oxygen delivery to the
tissues 1is reduced and local hypoxia msy develop. This
results in & decrease in arteriolsr tone, increasing
the regionasl blood flow and OXygen delivery. The net
effect of vasodilatation :n meny veascular beds is a
decline in total peripheral vascular resistance and =a

further reduction in left ventricular after-losd.

The increesed pre-losd, the decreased after-load
end the reflex-mediated increase in heart rate and
contractility all contribute to an incressed cardiac

output; however, the incressed heart rate, contractility
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and cardiac output also augment myocardial oxygen de-
mand. A1 the same time, the decreased oxXygen-carrying
capaclty of the blood may reduce the myocardial oxXygen
supply beyond the ability of the coronary circulation
to match oxygen delivery to oxygen demand. This effect
occurs much earlier and is augmented if there is co-

existing coronary artery disease.

3. Decreased godium and fluid excretion:

A decrease in renal sodium and water excretion is
& common finding in renal insufficiency end leads to
an increase in the intra-vescular blood volume, The
increased intra-vascular volume increases the systemic
and pulmonary venous volumes and the meen circulatory
pressures. The venous return curve is thus shifted
upward so that any atriasl pressure is associated with
& greater venous return. The augmented venous return
increases ventricular filling and pre-load, which in-

creasea the stroke volume,

Increased right etrial volume mey stimulate right
atrial stretch receptors, resulting in an increase in
heart rate (the Bainbridge reflex). The increased
intra-vascular water may dilute the plesma proteins

(which mey elso be depleted in patients with nephrotic
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syndrome), decreasing the osmotic bpressure., The in-
creased venous pressure in combination with the de-
creased osmotic pressure, promotes transudation of
filuid, which may result in peripherel end pulmonary
edema. Pulmonary edema mekes the lung gtiffer,
increzsing the work of respiration. The presence of
alveolar fluid may interfere with pulmonary oxygen
exchange and lead to hypoxia. Severe hypoxia can re-
duce the myocardisl oxygen supply and produces ische-

mia, which depresses myccardisl contractility,

4 mejor effect of sodium and water retention in
anephric petients is the production of arterial hy-
pertension (Onesti et al,, 1975). Restoration of pae-
tients +to their dry weight frequently returns the
erterial pressure to normal. The increase in arterisnl
pressure in response to a sodium end fluid load is
primarily due to an elevation of the peripheral vascu-
lar resistance (Onesti et ml., I975). This increased

resistance may be the result of several factors:—
i, Increased sodium mey meke the arteries mere

sensitive to angiotensin or other vasocons-

trictor substances (Brunner et al,, I972).
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